I. INTRODUCTION
Available Transfer Capability (ATC) is a measure of the ability of interconnected electric power system to reliably move or transfer power from one area to another, over the transmission system between the given areas, under specified system conditions. It is useful in making power transaction contracts in the system, operating a power system within its ATC limits ensures that the system will continue to supply electric power on demand, even under certain abnormal conditions [1] . This ATC information can be used for the commercial marketing of electricity, i.e. the ATC information is useful for deciding the new power transaction reservations between the market participants. The ATC is calculated and provided by Independent System Operator (ISO) to indicate the system capability for further power transactions. Then the customer decides and reserves the transmission delivery services like amount of power to be transacted, the transmission path, the time period of reservation and ancillary services ATC = TTC -TRMExisting Transmission Commitments (including CBM) [2] .
The methods reported in the literature for static ATC determination can be broadly classified as Repeated Power Flow (RPF) and Continuation Power Flow (CPF) based methods [3] [4] [5] , Sensitivity based methods [6] [7] [8] Power Flow (OPF) based methods [9] [10] [11] . Some theoretical aspects of ATC and the problem of its evaluation under open access environment have been discussed in [12] . Some of the technical challenges of computing transfer capability in electric power systems have been discussed in [13] . A novel formulation of ATC problem based on full AC power flow solution to incorporate the effects of reactive power flows, voltage limits as well as voltage stability and line flow limits has been reported in [1] . AC Power Transfer Distribution Factors(ACPTDFs) and Voltage Distribution Factors (VDFS) for the fast determination of ATC using thermal limits and voltage limits has been proposed in the literature [8] .
Flexible AC Transmission systems (FACTs) controllers are power electronic based compensating devices and are known for their ability to improve power system stability and enhancing the system power transfer capability [14] . A methodology, based on stochastic programming to enhance ATC of prescribed interfaces in an interconnected power system utilizing Unified Power flow Controller (UPFC), has been presented in [15] . An OPF based ATC enhancement model to achieve the maximum power transfer between the specified interfaces with FACTS controllers such as Thyristor Controlled Phase Shifter (TCPS), SVC, TCSC, and UPFC has been investigated in [15] . Moreover, an eigen vector analysis for optimizing the location, Sizing and Control modes of SVC and TCSC in order to achieve the maximum load-ability has also been reported in literature [16] . A hybrid heuristic approach, combining the Real Genetic Algorithm (RGA) associated with Analytical Hierarchy Process (AHP) and fuzzy sets, has been proposed to determine the optimal location of TCSC in [17] for ATC enhancement and standard voltage collapse technique to determine the ATC has been proposed in [18] . The additional detailed information can be obtained regarding ATC computation in ref. [19] [20] [21] [22] .
II. ATC PROBLEM FORMULATION

A. Linear Static Method
Linear ATC typically assumes a lossless system, where changes in real power flow is linearly related to changes in power injections. For illustration, we assume a transfer from the slack bus, to any bus, and maximize this transfer without exceeding any line or transformer. The key to the linear power solution is the use of -Power Transfer Distribution Factors (PTDF)‖ expressed here as sensitivities of line real power injections [1] .
These PTDFs are essentially current dividers in linear circuit theory. As such, they are large-change sensitivities and can be used to predict the change in the line flow (line 
In order to determine ATC, the minimum value of ij s P  among all lines in the system is determined [1] .
Note that it is the linear relation between the transfer and the line flows that make linear ATC the fastest algorithm for transfer studies to describe the impact of neglecting reactive power flows [1] .
B. Reactive Method
Since the transmission line complex flow is constrained to be on the operating circle and inside the limiting circle, the 
After incorporating various equations, we get following operating circle equation:-
Expanding Eqn. (8) and then subtract Eqn. (7), bringing ij Q to L.H.S so we obtain
Let us assume
Substituting Eqn. (11) in Eqn. (7) 
Then the solution for the maximum complex flow is obtained as:-
The sign in the previous equation is chosen to be positive if the PTDF of line j i  is positive and negative otherwise [1] . Since the incorporation of reactive flows into the algorithm resides in computing a new line flow limit, all of the advantages of the linear ATC method are preserved [1] .
Therefore, the basic ATC problem regarding thermal security limits is given by an initial operating state of the power system, determine the maximum amount P  
Eqn. (17) is participation factor in case of ) (s Seller [22] .
Eqn. (19) is participation factor in case of ) (b Byer [22] .
The distribution factor is calculated as:- 
Eqn. for real power of a short transmission line (i-j) with losses and neglecting shunt admittance is given by:-
Let us consider the system where the lines are loss less. 
IV. POWER FLOW CONTROL WITH TCSC Better utilization of existing power system capacities by installing new power electronic controllers such as FACTS has become imperative. FACTS controllers are able to change, in a fast and effective way, the network parameters in order to achieve better system performance. FACTS controllers, such as phase shifter, shunt, or series compensation and the most recent developed converterbased power electronic controllers, make it possible to control circuit impedance, voltage angle, and power flow for optimal operation performance of power systems, facilitate the development of competitive electric energy markets, stimulate the unbundling the power generation from transmission and mandate open access to transmission services, etc. With the practical applications of the converter-based FACTS controllers-STATCOM, SSSC, TCSC and UPFC in power systems, computer modeling of these is of great concern for the planning, operation planning, and control analysis of the FACTS controllers.
Operating Principles of the TCSC:-A simpler TCSC model exploits the concept of a variable series reactance. The series reactance is adjusted automatically, within the limits, to satisfy a specified amount of active power flows through it. The more advanced models use directly the TCSC reactance-firing angle characteristics given in the form of non-linear relation. The TCSC firing angle is chosen to be the state variable in the Newton-Raphson power flow solution.
Equivalent Circuit and Power Flow Constraints of the TCSC
The TCSC power flow model presented in this section is based on the simple concept of variable series reactance, the value of which is adjusted automatically to constrain the power flow across the branch to a specified value. The amount of reactance is determined efficiently using Newton's method. The changing reactance csc t X , shown in Figure 1 , represents the equivalent reactance of all the series connected modules making up TCSC, when operating either in inductive or capacitive regions. For the Power equations at bus k, the subscripts j and k are exchanged in the above equations.
In Newton-Raphson solutions these equations are linearized with respect to the series reactance. For the conditions shown in Fig 1, where the series reactance regulates the amount of active power flowing from bus j to k at a value 
The state variable TCSC X of the series controller is updated at the end of each iteration step according to:-
Consider the three-bus, three line system, the line reactance are 0.9, 0.37, and 0.28 p. u., and the line MVA ratings are 1.0, 1.3, and 1.4 p. u., for lines 1-2, 1-3, and 2-3, respectively. The initial operating point shown is set up with voltages equal to 1.0, 1.0, and 1.04p.u.for buses 1, 2, and 3. Reactive power generation at every bus is unlimited.
Transactions between areas 1 to 2, 1 to 3, and 2 to 3 (seller/buyer) were simulated across this system. ATC was computed by three methods [1] .
Sequential full AC power flow, i.e. the actual ATC; B.) Linear ATC, as described in Section II-A; C.) Linear ATC with reactive power flows,
The results are shown in per unit ) 100 ( MVA S base  in Table 1 . Corresponding errors are computed for methods B and C with respect to the actual ATC values. The line data include the line MVA rating For the transfer from area 1 (seller) to area 3 (buyer), the limiting element is again line 3-1 (line end 3), which reaches its thermal limit with a transfer of 1.63 p. u., or 163 MW. This is the exact ATC value for this particular transfer.
For the transfer from area 2 (seller) to area 3 (buyer), the limiting element is line 3-2 (line end 3), which reaches its thermal limit with a transfer of 1.63 p. u., or 163 MW. This is the exact ATC value for this particular transfer [1] .
Simulation of a 30-Bus system
The simulation has been now carried out to obtain the results for IEEE 30-bus system by incorporating the FACTS device (i.e. TCSC), in addition to results obtained for IEEE-3 bus system as depicted in table no.1. The TCSC is located in the line connected between 10th bus and 22nd bus. The real and reactive power settings of the TCSC are 40 MW and 2 MVAR. The ATC enhancement results for the 30-bus system with TCSC can be observed in Table 2 . 
V. CONCLUSION
A method of calculating ATC by incorporating reactive power flows with FACTS device i.e. TCSC is proposed in this paper. From the inspection of Table-2, it is inferred that the use of FACTS device, particularly the TCSC, enhances the ATC substantially. Therefore, it is concluded that FACTS technology can offer an effective and promising solution to boost the usable power-transfer capability, thereby improving transmission services of the present market-based power systems. Furthermore, the results obtained for IEEE-30 bus system in this work show that the inclusion of reactive power and FACTs device in a linear ATC can enhance the maximum transaction over a transmission system.
